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Background: Multiple-choice questions (MCQ) are still widely used in high stakes medical exams. We wanted to
examine whether and to what extent a national licensing exam uses the concept of pattern recognition to test
applied clinical knowledge.
Methods: We categorized all 4,134 German National medical licensing exam questions between October 2006 and
October 2012 by discipline, year, and type. We analyzed questions from the four largest disciplines: internal
medicine (n = 931), neurology (n = 305), pediatrics (n = 281), and surgery (n = 233), with respect to the following
question types: knowledge questions (KQ), pattern recognition questions (PRQ), inverse PRQ (IPRQ), and pseudo
PRQ (PPRQ).
Results: A total 51.1% of all questions were of a higher taxonomical order (PRQ and IPRQ) with a significant
decrease in the percentage of these questions (p <0.001) from 2006 (61.5%) to 2012 (41.6%). The proportion of
PRQs and IPRQs was significantly lower (p <0.001) in internal medicine and surgery, compared to neurology and
pediatrics. PRQs were mostly used in questions about diagnoses (71.7%). A significantly higher (p <0.05) percentage
of PR/therapy questions was found for internal medicine compared with neurology and pediatrics.
Conclusion: The concept of pattern recognition is used with different priorities and to various extents by the
different disciplines in a high stakes exam to test applied clinical knowledge. Being aware of this concept may aid
in the design and balance of MCQs in an exam with respect to testing clinical reasoning as a desired skill at the
threshold of postgraduate medical education.
Keywords: Multiple-choice questions, Pattern recognition, Clinical reasoning, eLearningBackground
Multiple-choice questions (MCQs) are still used in high
stakes exams worldwide to assess the knowledge of med-
ical students. Even though alternative assessment for-
mats are available and increasingly applied, such as
modified essay questions (MEQs) or objective structured
clinical exams (OSCEs), the ease of use and testing effi-
ciency of these formats are tempting features for the
continued and widespread application of MCQs. In the
USA and Germany, for example, MCQs constitute a
major part of the National Medical Licensing Exam.
While MCQs were originally designed to assess factual
knowledge, well-constructed MCQs can also assess the
application of knowledge, resembling a taxonomically* Correspondence: harendza@uke.de
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unless otherwise stated.higher order than the simple recall of isolated facts [1].
Answering ‘higher order’ MCQs still requires cognitive
knowledge, yet their realism receives greater acceptance
by students and teachers [2,3]. Cognitive knowledge
alone does not guarantee competence, which integrates
knowledge, skills, and attitudes [4]. However, Glaser has
already demonstrated in a developmental study in 1984,
that knowledge is the single best determinant of expert-
ise [5]. This raises the question of whether ‘higher order’
MCQs might provide an opportunity to test the clinical
reasoning skills of medical students.
Clinical reasoning used by physicians in daily practice
presents itself as a combination of two different ap-
proaches: diagnostic pattern recognition (PR) and analyt-
ical hypothesis-based thinking [6]. The ability of students
to succeed in PR and clinical data interpretation shows a
steady growth curve over increasing years at medicall Ltd. This is an Open Access article distributed under the terms of the Creative
ommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and
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tween problem-solving strategies and the likelihood of
diagnostic success, the latter was significantly greater
when study participants used PR rather than hypothetico-
deductive, i.e. analytical, reasoning [9]. While PR appears
to happen unconsciously and almost automatically, the
process of making an instant diagnosis is still based on the
recognition of distinctive features of a certain disease and
is a reasoning strategy widely used by medical experts with
many years of experience [10]. Even though PR is an im-
portant diagnostic tool and should be taught as a clinical
reasoning strategy at medical school, clinicians must be
aware that patterns can become rigid and the excessive
focus on favorite patterns can lead to diagnostic errors
when key features are prematurely assumed to represent a
particular disease [11]. Novices or unreflective physicians
might focus too much on looking for the presence of spe-
cific patterns and may overlook other potentially import-
ant information [12]. Nonetheless, medical students need
to be familiar with PR and clinical data interpretation as
diagnostic reasoning strategies and need to familiarize
themselves with both of these principles during their
undergraduate studies. However, analytical thinking re-
quires feedback [13] and, therefore, cannot be applied in
MCQ exams in a similar way.
Even though PR is, by definition, a personal and idiosyn-
cratic process and might not be explicitly taught as clinical
reasoning in every medical school, we hypothesize that it
is an ideal concept to test applied medical knowledge in
high stakes exams. To test whether and to what extent PR
is used in MCQs, we defined a framework for the detec-
tion of disease patterns clinically used for PR. Based on
this framework we analyzed all MCQs from the German
National Licensing Exams, Part 2, between October 2006
and October 2012 in the disciplines of internal medicine,
surgery, neurology, and pediatrics.
Methods
Since October 2006, every German National Medical
Licensing Exam, Part 2, has consisted of 320 MCQs
and an additional oral-practical exam lasting two hours
per student. The exam takes place at the end of the
final year of a six-year medical undergraduate curricu-
lum and is held twice a year, in April and October. The
actual final number of valid questions per exam is often
below 320, because invalid MCQs are excluded after the
exam has taken place. All MCQs have five possible an-
swers and include questions with either a single correct or
a single incorrect answer. In addition, long patient cases
with six to 17 questions related to the same case are
presented, with a single correct answer per question.
Extended-matching MCQs are not included in this exam.
MCQs for the German National Medical Licensing
Exam, Part 2, are developed by a national institute(IMPP, Institute for medical and pharmaceutical na-
tional exam questions). Panelists, recruited from the
different specialist medical societies develop and revise
the questions with respect to their scientific and clin-
ical content. In a second step, IMPP employees check
the questions with respect to formal correctness, com-
prehensibility, and difficulty. In a third step, referees in
different panels solve the anonymized questions and
discuss and revise them afterwards, if necessary, with
respect to content and structure. The vote to actually
use a certain question in an exam has to be unanimous.
We screened a total of 4,134 questions from the German
National Medical Licensing Exam, Part 2 (October 2006
until October 2012), and assigned each question to one of
23 medical disciplines based on its topic and the correct
answer. Questions from the four largest disciplines (in-
ternal medicine, surgery, neurology, and pediatrics), which
constituted more than 42% of all questions, were included
in this study. Questions from other disciplines, such as
ophthalmology, were excluded from our analysis, because
their numbers per discipline were too small for statistical
analysis. In certain years, some disciplines were not even
included in the exam. Questions were assigned to the
pediatric discipline when the age of the described patient
was below 18 years. When an overlap between internal
medicine and surgery was detected, questions were
assigned to the surgery discipline when surgical proce-
dures were the correct treatment. This resulted in
1,750 questions, which were included in our analysis
(internal medicine: n = 931, neurology: n = 305, pediatrics:
n = 281, surgery n = 233).
We defined four categories of questions for our ana-
lysis: PR questions (PRQ), pseudo PR questions (PPRQ),
inverse PR questions (IPRQ), and knowledge questions
(KQ). An example of every type of question is given in
Table 1. PRQs include questions describing a patient
case or a typical disease pattern, using either one symp-
tom or a combination of symptoms, results of laboratory
and other tests, and other information from a patient’s
history that is relevant to a medical pattern. Related to
the types of answers, these questions were subcategor-
ized into PRQ/diagnosis, PRQ/diagnostic procedures,
PRQ/pathophysiology, and PRQ/therapy. KQs ask for
mere facts in connection with a disease or symptom, re-
sembling K1 (“recall and comprehension”), as described
by Ware and Vik [14]. In a modified Bloom’s taxonomy
suggested by Palmer and Devitt, KQs resemble level I
(“recall of information”) [15]. IPRQs ask for symptoms
or signs that are part of a disease pattern. Signs can also
include laboratory findings, for instance. Therefore, to
select or combine disease patterns in IPRQs, interpret-
ation of data and/or pathophysiological relationships
may be required to find the correct answers. We consid-
ered PRQ and IPRQ as questions of a taxonomically
Table 1 Examples for the different types of MCQs
PR question (PRQ) A 26-year-old man presents with increased thirst, urinary frequency and nocturia over the past several months.
Physical examination is unremarkable. Twenty-four-hour urine osmolarity is <300 mOsm/L. A fluid deprivation
test does not result in an increased urine osmolarity. Administration of 0.03 μg/kg of desmopressin results in a
urine osmolarity of 450 mOsm/L after 2 hours. Which of the following is the most likely diagnosis?
Pseudo PR question (PPRQ) A 42-year-old female consults her general practitioner because of increasing frequency of diarrhea with
voluminous stools. The symptoms started six months ago and she is moving her bowels up to five times
a day. Furthermore, she complains of flatulence and loss of weight (3 kg). Further investigations result in the
diagnosis of celiac disease. Which diagnostic finding confirms this diagnosis?
Inverse PR question (IPRQ) Different symptoms can lead to the diagnosis of renal artery stenosis; which symptom does not belong in
this list?
Knowledge question (KQ) Which type of bleeding is typical for low platelets?
Freiwald et al. BMC Medical Education 2014, 14:232 Page 3 of 6
http://www.biomedcentral.com/1472-6920/14/232higher order, resembling K2 (“application and reason-
ing”), as described by Ware and Vik [14], or resembling
level II (“understanding and being able to interpret data”),
and occasionally level III (“use of knowledge and under-
standing in new circumstances”) by Palmer and Devitt
[15]. PPRQs describe a patient case, but mention the diag-
nosis at the end of the text, which we considered a pitfall
in the construction of a potential PRQ, because it is not
necessary to read the case in order to answer the question.
This downgrades a potential PRQ to a mere KQ.
Each question was assessed and categorized by two of four
physician panelists. When disagreement in categorizing oc-
curred, the question was discussed with one of the other
two panelists and categorized according to the best fitting
category according to the descriptions mentioned above.
Data were analyzed using SPSS statistical software
(version 21). We assessed differences between the ques-
tion categories and between the different disciplines with
the χ2-test and significance levels of p <0.05.
Results
KQs were identified to constitute the single largest ques-
tion category (44.3%), while 51.1% of all questions wereFigure 1 Overall distribution of question categories between
2006 and 2012. Disciplines of surgery, pediatrics, neurology, and
internal medicine are combined. Numbers resemble %.of a higher taxonomy (PRQ 42.2% and IPRQ 8.9%), and
PPRQs occurred in only 4.6% (Figure 1). When we com-
pared the distribution of question categories across the
years 2006 to 2012, a significant (p <0.001) decrease of
higher order taxonomy questions was noticeable, from
61.5% in 2006 to 41.6% in 2012 (Figure 2).
Analysis of the question categories per discipline revealed
that the proportion of higher order taxonomy questions
was significantly lower (p <0.001) in internal medicine
(40.9%) and surgery (45.1%), when compared with either
neurology (74.4%) or pediatrics (65.2%) (Figure 3). The per-
centage of PPRQs was significantly higher (p <0.05) in in-
ternal medicine (6.3%) than in neurology (2.3%), pediatrics
(2.8%), or surgery (2.6%). The development of question
types per discipline over the years is shown in Table 2.
Subgroups of the PR questions are displayed in Figure 4.
The largest subgroup was composed of PR/diagnosis
questions (71.7%), while PR/therapy questions occurred in
13.0%, PR/diagnostic procedures questions in 10.3%, and
PR/pathophysiology questions in 5.0%. The analysis of
PRQs in the different disciplines revealed a significantly
higher (p <0.05) percentage of PRQ/therapy questions
for internal medicine (17.2%), as compared with neur-
ology (9.4%) or pediatrics (5.4%), as well as for surgeryFigure 2 Distribution of question categories per individual
year. Disciplines of surgery, pediatrics, neurology, and internal
medicine are combined. *p <0.001 (2006 versus 2012).
Figure 3 Overall distribution of question categories per discipline. *p <0.001 (questions of a taxonomically higher order, i.e. PRQ + IPRQ:
internal medicine or surgery versus neurology or pediatrics, respectively), °p <0.05 (PPRQ from internal medicine versus neurology, pediatrics, or surgery).
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comprised the lowest percentage of PRQ/diagnostic
procedures questions (2.7%) compared to any of the
other disciplines (internal medicine: 16.3%, surgery: 9.9%,
neurology: 6.1%).Table 2 Question types per discipline and year
Question type
Discipline Year PRQ (%) IPRQ (%) PPRQ (%) KQ (%) Sum (%)
Surgery 2012 53.6 7.1 3.6 35.7 100
2011 30.6 5.6 2.8 61.0 100
2010 40.5 8.1 0.0 51.4 100
2009 43.3 1.,0 3.3 43.4 100
2008 17.4 8.7 4.3 69.6 100
2007 28.6 0.0 2.9 68.5 100
2006 90.5 0.0 0.0 9.5 100
Pediatrics 2012 58.9 8.8 2.9 29.4 100
2011 48.2 1.,6 3.6 28.6 100
2010 41.5 1.,9 3.8 35.8 100
2009 52.5 1.5 5.0 30.0 100
2008 65.7 8.6 0.0 25.7 100
2007 62.8 7.0 2.3 27.9 100
2006 40.0 0.0 0.0 60.0 100
Neurology 2012 48.0 1.0 2.0 34.0 100
2011 50.0 18.8 3.1 28.1 100
2010 69.2 15.4 0.0 15.4 100
2009 60.0 22.0 2.0 16.0 100
2008 61.5 9.6 5.8 23.1 100
2007 49.0 19.1 2.1 29.8 100
2006 80.0 5.7 0.0 14.3 100
Internal
Medicine
2012 22.2 3.7 4.9 69.2 100
2011 28.5 0.8 7.7 63.0 100
2010 35.5 5.9 13.2 45.4 100
2009 34.4 16.2 3.9 45.5 100
2008 50.4 5.3 6.2 38.1 100
2007 34.0 8.5 4.6 52.9 100
2006 44.8 1.5 1.5 52.2 100Discussion
The dual process theory of reasoning includes a fast and
intuitive approach and a slow and analytical approach
[16]. Experts tend to use the intuitive approach more
often than novices do; however, when they cannot refer
to the pattern of an illness script (a collection of signs
and symptoms) [17], they use hypothetico-deductive rea-
soning as an analytical approach [18]. Since pattern rec-
ognition is the fast approach of clinical reasoning
applied every day by physicians, we hypothesized that it
would occur in high stakes MCQ exams as a relevant
concept. We identified 51.1% of all questions from in-
ternal medicine, surgery, neurology, and pediatrics from
the German National Licensing Exam between 2006 and
2012 to be taxonomically higher order questions involving
pattern recognition. However, their proportion dropped
continuously from 61.5% in 2006 to 41.6% in 2012, which
was way below the suggested level of at least 50% taxo-
nomically higher order questions in MCQ exams [14]. We
also detected almost 5% of PPRQs as being ill defined
PRQs, which resemble KQs, a pitfall in question design
that could be added to a suggested list of common MCQ
pitfalls [19]. This can easily be avoided when panelist in-
volved in designing questions are aware of it and will im-
prove the quality of PRQs, raising the overall number of
taxonomically higher order MCQs in an exam. However,
item writing flaws are still a problem in high stakes exams,
as has been demonstrated for MEQs that failed in over
50% to test more than mere recall of knowledge [15,20].
Intensive and repeated training of panelists might be
necessary.
Our study revealed that PR/diagnosis questions oc-
curred in more than 70% of all identified PRQs that used
only the first step of the clinical reasoning process [21]
as their basic concept. In surgery and internal medicine,
we detected the largest numbers of PR/therapy and PR/
diagnostic procedures questions. These provide an add-
itional step upwards in the taxonomy, because they in-
clude the interpretation of a pattern’s meaning and the
application of additional knowledge [21]. Thereby, this
type of PRQ includes not only typical signs or symptoms
of a disease, but also additional information, such as
Figure 4 Overall distribution of subgroups of PR questions in
the combined disciplines. Disciplines: surgery, pediatrics, neurology,
and internal medicine. Numbers resemble %.
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to the dual-process theory, additional information is usu-
ally obtained in the clinical reasoning process by active
collection [22], which cannot be simulated in MCQs. A
cognitive model resembling pattern recognition, including
additional information, has recently been developed, in
order to generate multiple-choice test items [23]. This
could be very helpful in designing PRQs at a taxonomic-
ally higher order and, therefore, we suggest that pattern
recognition should be added as a specific medical concept
to MCQ item writing guidelines [24].
Using PRQs more frequently in MCQ exams to in-
crease the cognitive level of the questions cannot be
concluded from our study without additional consider-
ations. A possible reason why PR/diagnosis questions
occur mostly in neurology and pediatrics could be the
high availability of disease patterns in these disciplines
[25,26]. This is especially true for the core neurological
diagnostic approach of logically localizing a neural le-
sion, which translates well into the concept of pattern
recognition. However, it must be noted that patterns in
these disciplines often define rare diseases with greater
relevance in postgraduate medical education within these
specific disciplines. Therefore, the use of PRQs in exams
for undergraduate medical students should preferably be
in alignment with the content and specificity of the re-
spective medical curriculum [27]. Furthermore, it has
been demonstrated that the skill of pattern recognition asFigure 5 Distribution of subgroups of PR questions per discipline. *p
internal medicine versus neurology or pediatrics).a non-analytical model of clinical reasoning increases with
experience [28]. To train pattern recognition skills lon-
gitudinally and to provide an alignment of medical
undergraduate training with PRQs in high stakes exams,
students should have sufficient opportunities to practice
the skill of pattern recognition and to receive supervision
and feedback for their learning process [13,22]. Another
opportunity to teach diagnostic patterns could be the use
of virtual patients [29] or electronically available PRQs
and also IPRQs, where patterns can be highlighted in the
learning process.
A limitation of our study is that it only included the
four largest disciplines and excluded 19 smaller disci-
plines from the original analysis, albeit for statistical rea-
sons. As another limitation, we only studied high stakes
exams from one country. However, the framework we
suggest for categorizing MCQs can be applied easily in
all disciplines and countries and provides an additional
concept for quality analysis of MCQ based exams. Fur-
thermore, this framework provides a tool to design
MCQs for applied knowledge using pattern recognition
as the basis to test diagnostic and therapeutic strat-
egies. It could also be helpful to find the desired bal-
ance between MCQs testing factual knowledge and
applied knowledge while the amount of MCQs for ap-
plied knowledge might be higher in exams at the
threshold of postgraduate medical education.
Conclusions
Pattern recognition is a prominent concept in MCQs
from a National Medical Licensing Exam to test the ap-
plication of clinical knowledge. Panelists involved in de-
signing questions for high stakes exams should be aware
of the PR concept in MCQs, in order to create PRQs
with different emphases, depending on the requirements
of the individual discipline. Undergraduate medical stu-
dents should be provided with longitudinal learning op-
portunities for clinical reasoning, including feedback on
their pattern recognition skills in the application of their
knowledge. The quality of questions for applied know-
ledge in MCQ-based exams can be increased by using
questions with unambiguous medical patterns to assess
the clinical reasoning processes.<0.05 (PRQ/therapy surgery versus pediatrics). °p <0.05 (PRQ/therapy
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